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Microalgae, Chlorella vulgaris, can be cultivated heterotrophically with the supplementation of glucose as their main 
carbon source. The aim of this study is to cultivate UNIMAS culture collection of green algae, C. vulgaris, in Modified 
Bristol’s Media (MBM). Different factors such as different glucose concentrations and initial pH level were tested in 
affecting the cell growth in the heterotrophic culture. The microalgae was cultured at 25°C and pH 7.16 for first treatment 
and pH 9.11 for second treatment, and 12 days in dark. Higher growth performance was observed on day 8 to 10, in both 
treatments respectively. This experiment revealed that autotrophic Chlorella species microalgae can grow better in 
glucose heterotrophically. 
 





Chlorella vulgaris merupakan sejenis mikroalga yang boleh dikulturkan secara heterotrofik dengan penambahan 
glukosa sebagai sumber karbon utamanya. Tujuan kajian ini adalah untuk menghidupkan koleksi sampel alga hijau 
UNIMAS, C. vulgaris, dalam Modified Bristol’s Media (MBM). Faktor lain yang mempengaruhi pertumbuhan sel seperti 
kepekatan glukosa yang berbeza dan tahap pH awal telah diuji dalam kultur secara heterotrofik ini. Mikroalga telah 
dikultur pada suhu 25°C serta pH 7.16 untuk uji kaji pertama, dan pH 9.11 untuk uji kaji kedua. Kedua-dua uji kaji 
tersebut dikultur dalam keadaan gelap bagi tempoh selama 12 hari. Tahap pencapaian atau prestasi pertumbuhan 
mikroalga masing-masing bagi kedua-dua uji kaji tersebut adalah lebih tinggi pada hari kelapan hingga kesepuluh. 
Eksperimen ini membuktikan bahawa spesis Chlorella ini, yang asalnya autotrofik, boleh tumbuh lebih subur and baik 
secara heterotrofik dengan penambahan glukosa. 
 







Microalgae are microscopic photosynthetic microorganisms and sunlight-driven 
cell factories which able to convert carbon dioxide (CO2) to high potential biofuels, foods, 
as feeds in aquaculture and high-value bioactive. Basically, microalgae have the 
characteristics of basic structure, fast growth rate, and high biomass yield per unit of light 
and area. In addition to it, this unique organism has the ability to produce high oil or starch 
content. Besides, it do not require agricultural land to culture, and sometimes neither 
freshwater. Nutrients can be obtained from wastewater and CO2 by combustion gas. Those 
characteristics are the main driving force that leads microalgae become the highlight in 
much research that involves algae for mass-production (Gao et al., 2009).  
Biochemically, microalgae is now an alternative source of biofuels production, 
mainly biodiesel, which is technically feasible, economically competitive, environmentally 
acceptable and readily available (Chisti, 2007a; Borowitzka, 1988). Today, biofuels 
production by microalgae has become a major interest by all classes of individual, 
government and private sectors and institutions worldwide. It is one of the global issues 
acquiring significant attention that related to energy supply and demand. Most research 
done prove that many species of microalgae has the potential to accumulate large amounts 
of oils (Examples are shown in Table 3 Section 2). The microalgae oil is converted into 
biodiesel by undergoing a process of transesterification. Currently, biodiesel productions 
are mainly from plant and animal oils, not from microalgae. In the United States, soybeans 
are the main source for the production of biodiesel and followed by canola oil, animal fat, 
palm oil, corn oil, waste cooking oil (Felizardo et al., 2006; Kulkarni & Dalai, 2006), and 
jatropha oil (Barnwal & Sharma, 2005).  
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Over the years, various culture media have been generated, developed and used for 
isolation and cultivation of freshwater algae. For example, BG11 media is used to culture 
Chlorella species and Scenedesmus species (Oo et al., 2008). The first step in developing a 
microalgae process is to choose the perfect microalgae species. Accurate selection is all 
way challenging because of the large number of microalgae species available, the restricted 
characterization of these algae, their varying sets of characteristics, and their lipid 
productivity (Griffiths & Harrison, 2009). Selection of fast-growing, productive strains, 
optimized for the local climatic conditions is of fundamental importance to the success of 
any algal mass culture and particularly for low-value products such as biodiesel. A variety 
of desirable characteristics reported for large-scale algal culture are rapid growth rate, high 
product content, growth in extreme environment, large cell size, colonial or filamentous 
morphology, wide tolerance of environmental conditions, carbon dioxide tolerance and 
uptake, tolerance of shear force, tolerance of contaminants, and no excretion of 
autoinhibitors (Borowitzka, 1992; Zeiler et al., 1995; Grobbelaar, 2000).  
Microalgae cells can be cultivated under either autotrophic, heterotrophic or 
mixotrophic conditions. Autotrophic cells consume light as their energy source and 
assimilate CO2 as carbon source. Heterotrophic cells utilize organic compounds as carbon 
and energy sources. Meanwhile, mixotrophic cells use light and utilize inorganic and 
organic compounds as energy and carbon sources. Autotrophic microalgae are primarily to 
be selected for cultivation condition that can lead to the highest lipid yields in a short 
period of time (Liang et al., 2009). Heterotrophic and mixotrophic microalgae are 
relatively less studied due to their requirement of organic carbons, which may bring 
competition with human diet.  
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In this experiment, microalgae used was Chlorella vulgaris, and the sample was 
obtained from the UNIMAS culture collection. This species is commercially essential 
green microalgae due to its potential to serve as food and energy because of its high 
photosynthetic efficiency, which can reach 8%, as reported by Chovancikova and Simek 
(2001). Lee (2001) also claimed that it can grow with both autotrophic and heterotrophic 
conditions. Studies done shown that Chlorella species are capable to grow using glucose 
(C6H12O6), acetate (C2H3O2
−
), glycerol (C3H5(OH)3), and other carbon sources. However, 
there is less information about their growth rate and lipid productivities when cultivated 
with these carbon sources with different culture conditions. Chlorella species are robust 
microorganisms that can grow in many conditions around the world; they can serve as an 
example for heterotrophic and mixotrophic growths supplied with glucose, glycerol, 
acetate, or other organic compounds from waste resources with zero or negative costs as 
carbon source to accumulate lipids for biodiesel production. It is therefore of both 
academic and practical relevance to systematically study the effects of different 
concentration of nutritional and cultivation conditions on the cell growth and lipid 
production of this less studied, especially in comparison with Chlorella species.  
The main objectives of this study were (i) to establish heterotrophic medium for the 
optimal growth and enhance cell density of the C. vulgaris; (ii) to cultivate locally isolated 
green algae, C. vulgaris and grow it in Modified Bristol’s Media (MBM), and; (iii) to 
evaluate different glucose concentrations at different pH levels on cell growth of the 





2.0 LITERATURE REVIEW 
 
2.1  Lipids and bioenergy from microalgae 
One of the main components of microalgae is lipids. However, it always depending 
on the species and growth conditions; 2–60 percent of total cell dry matter (Wijffels, 
2006), as membrane components, storage products, metabolites and storages of energy 
(Iersel et al., 2009). Biodiesel is a sustainable and environmentally friendly alternative to 
petrodiesel. Iersel et al. (2009) also add that these lipids can be used as a liquid fuel in 
adapted engines as Straight Vegetable Oil (SVO). Tri-glycerides and free fatty acids, a 
fraction of the total lipid content, can be converted into biodiesel. In comparison with 
SVO, algal oil is unsaturated to a larger degree making it less appropriate for direct 
combustion in sensitive engines. Lipid accumulation in algae usually occurs during periods 
of environmental stress, culture under nutrient-deficient conditions is most often referred 
to.  The chemical compositions of various microalgae are shown in Table 1. From all 
energy carriers produced from algae, biodiesel has received the most attention and is the 









Table 1: Chemical Composition of Algae Expressed on A Dry Matter Basis (%) 
Strain Protein Carbohydrates Lipids Nucleic acid 
Scenedesmus obliquus 50-56 10-17 12-14 3-6 
Scenedesmus quadricauda 47 - 1.9 - 
Scenedesmus dimorphus 8-18 21-52 16-40 - 
Chlamydomonas rheinhardii 48 17 21 - 
Chlorella vulgaris 51-58 12-17 14-22 4-5 
Chlorella pyrenoidosa 57 26 2 - 
Spirogyra sp. 6-20 33-64 11-21 - 
Dunaliella bioculata 49 4 8 - 
Dunaliella salina 57 32 6 - 
Euglena gracilis 39-61 14-18 14-20 - 
Prymnesium parvum 28-45 25-33 22-38 1-2 
Tetraselmis maculata 52 15 3 - 
Porphyridium cruentum 28-39 40-57 9-14 - 
Spirulina platensis 46-63 8-14 4—9 2-5 
Spirulina maxima 60-71 13-16 6-7 3-4.5 
Synechoccus sp. 63 15 11 5 
Anabaena cylindrica 43-56 25-30 4-7 - 
Source: Becker, 1994. 
 
Despites of oils from microalgae previously, oils were extracted from different 
crops such as corn, soybeans, sunflower, oil palm, canola, sunflower and jatropha. In 
United States (US) as reported by Chisti (2007b), ―replacing all the transport fuel 
consumed with biodiesel will require 0.53 billion m
3
 of biodiesel annually at the current 
rate of consumption. Oil crops, waste cooking oil and animal fat cannot realistically satisfy 
this demand. For example, meeting only half the existing United States transport fuel needs 
by biodiesel would require unsustainably large cultivation areas for major oil crops.‖ Table 
2 demonstrates the oil yield in such crops and microalgae base on experimentally 






Table 2: Comparison of some sources of biodiesel (Chisti, 2007b) 
Crop Oil yield 
(L/ha) 
Land area needed 
(M ha)
a 
Percent of existing US 
cropping area 
Corn 172 1540 846 
Soybean 446 594 326 
Canola 1190 223 122 
Jatropha 1892 140 77 
Coconut 2689 99 54 
Oil palm 5950 45 24 
Microalgae
b 
136,900 2 1.1 
Microalgae
c 
58,700 4.5 2.5 
a For meeting 50% of all transport fuel needs of the United States. 
b 70% oil (by wt) in biomass. 
c 30% oil (by wt) in biomass. 
Biodiesel is made from biomass oils, mostly from vegetable oils. Biodiesel appears 
to be an attractive energy resource for several reasons as listed below (Huang et al., 2010): 
i. First, biodiesel is a renewable resource of energy that could be sustainably 
supplied and applied. In addition, petroleum reserves are to be depleted in 
less than 50 years at the present rate of consumption (Sheehan et al., 1998)  
ii. Biodiesel appears to have several favourable environmental properties 
resulting in no net increased release of carbon dioxide and very low sulfur 
content (Antolin et al., 2002; Vicente et al., 2004). 
The release of sulfur content and carbon monoxide would be minimized by 
30% and 10%, respectively, by using biodiesel as energy source. 
Advantages of using biodiesel as energy source can helps to reduce the gas 
generated during combustion, and decrease carbon monoxide that is owing 
to the relatively high oxygen content in biodiesel. Moreover, biodiesel does 
not contain aromatic compounds and other chemical substances which are 
harmful to the environment. Recent investigation has indicated that the use 
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of biodiesel can decrease 90% of air toxicity and 95% of cancers compared 
to common diesel source (Sharp, 1996).  
iii. Biodiesel provides significant economic potential as a non-renewable fuel 
that fossil fuel prices will increase in which this situation cannot be avoided 
further in the future (Cadenas & Cabezndo, 1998).  
iv. Biodiesel is better than diesel fuel in terms of flash point and 
biodegradability (Ma & Hanna, 1999). 
Nowadays, biodiesel production from microalgae becomes a major interest 
worldwide. Many species of microalgae accumulate large amount of oils that are then 
converted into biodiesel via transesterification process. Potential microalgae candidates are 
Botryococcus braunii, Nannochloropsis sp., Nitzchia sp., Chlorella protothecoides, 
Chlorella vulgaris, Scenedesmus obliquus, Scenedesmus dimorphus, and many more. 
Table 3 gives details on amount of oil content of some microalgae. Concentrations of 
microalgae cells in nature are generally lower than those found in phytoplankton cultures 
(FAO, 2010).  
               Table 3: Oil content of some microalgae (Chisti, 2007b) 
Microalgae Oil content (% dry wt) 
Botryococcus braunii 25-75 
Chlorella sp. 28-32 
Crypthecodinium cohnii 20 
Cylindrotheca sp.  16-37 
Dunaliella primolecta 23 
Isochrysis sp. 25-33 
Monallanthus salina >20 
Nannochloris sp. 20-35 
Nannochloropsis sp. 31-68 
Neochloris oleoabundans 35-54 
Nitzschia sp. 45-47 
Phaeodactylum tricornutum 20-30 
Schizochytrium sp. 50-77 
Tetraselmis sueica 15-23 
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Lipid productivity of microalgae becomes an important key for evaluating algal 
species for biodiesel production (Griffiths & Harrison, 2009).These microscopic algae 
mentioned above have high rate of biomass and lipid productivity than those crops.  
Physiological response such as light, temperature, and nutrient supply are 
alternative approach to describe the characteristics of microalgae as a function of 
environmental factors (MacIntyre & Cullen, 2005). Sufficient nutrients supply constitutes 
carbon, nitrogen, phosphorus, iron, magnesium, trace elements, and sulfur and in some 
case silicon is important for the growth of microalgae. One of these physiological 
responses can affect the growth and the quantity and quality of lipids in microalgae (Agus 
Salim, 2010). Despites, to be specific, other physiological response such as carbon dioxide 
supply, light intensity, temperature, pH, and salinity always have a great effect on the 
metabolism of the microalgae.  
Light penetration is mainly important for the growth of any photosynthetic plant 
and algae. However, most of the photosynthetic cells in algae are capable of heterotrophic 
growth by using organic carbon source. Therefore, the heterotrophic cultivation has high 
potential for achieving high cell concentration (Agus Salim, 2010) and can provide a cost-
effective that can be used for future commercial production of microalgae biofuel products 
(Mitaha, 2010).  
 
2.2 Sustainability of microalgae based biofuel 
In the paper written by Iersel et al. in 2009 entitled Algae-based biofuels: A review 
of challenges and opportunities for developing countries, the sustainability of microalgae 
based biofuel  is analyzed according to the three main documents (in United Kingdom) 
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describing biofuel sustainability criteria: Roundtable Sustainable Biofuels (RSB), 
Renewable Energy Directive (RED) and the UK’s Renewable Transport Fuel Obligation 
(RTFO). The RED requires producers to comply with a set of sustainability criteria for the 
biofuel to count towards the EU biofuels target. The RTFO requires suppliers of biofuel to 
report on the sustainability and greenhouse gas performance of their biofuels. The first 
country to have such a system operational is the UK. Other than that, other algae specific 
sustainability issues not yet identified in these documents will be described and the 
suitability and environmental, economic and social sustainability of this technology in 
developing countries will be analyzed (Refer Table 4). 
 
Table 4: An overview of the sustainability issues addressed by the RSB, the RED and the RTFO. 
Sustainanbility issues RSB RED RTFO 
GHG emissions + + + 
Carbon stock conservation  + + 
Biodiversity + + + 
Environmental protection (soil, water and 
air) 
+ b + 
Land rights + d + 
Labour conditions + c + 
Community relations +  + 
Food security + d  
Competition with other non-food biomass 
applications 
   
Economic welfare +   





a) As a part of the GHG emissions reduction standard 
b) Only for biomass grown in the EU. For third countries, no standards but report obligation for economic 
operators, EU Member States and the European Commission – no minimum compliance requirement. 
Scope of reporting obligation for economic operators to be defined. 
c) Reporting obligation for the Commission and EU Member States on compliance with minimum 
requirement by countries – e.g. implementation of international conventions. Scope of reporting obligation 
for economic operators to be defined. 
d) Reporting obligation for the Commission and EU Member States. Scope of reporting obligation for 
economic operators to be defined. 
Based on Dehue et al, 2008.  




2.3  Advantages of microalgae as a source of biofuels 
The advantages of using microalgae to replace higher plants as a source of biofuels 
are numerous.  First, the oil yield per area of microalgae cultures can to a great extent 
exceed the yield of the best oilseed crops. Second, microalgae need less water than 
terrestrial crops, however they are found grow in an aquatic medium.  Third, cultivation of 
microalgae can be done either in seawater or brackish water on non-arable land and at the 
same time they do not compete for resources with conventional agriculture.  Fourth, the 
biomass production of possibly combined with direct bio-fixation of waste carbon dioxide 
(CO2), whereby 1 kilogram of dry algal biomass requiring about 1.8 kg of CO2. Fifth, the 
fertilizers for microalgae cultivation can be easily and naturally obtained from 
wastewaters, especially nitrogen and phosphorus. Sixth, cultivation of microalgae is free 
from the usage of herbicides or pesticides. Seventh, the remaining algal biomass after oil 
extraction can be used for other purposes. It may be used as feed or fertilizer, or fermented 
to produce ethanol or methane. Lastly, the biochemical composition of the microalgae 
biomass can be altered by varying their growth conditions and the oil content can be highly 
improved (Rodolfi et al., 2008). 
 
2.4 Microalgae cultivation inputs 
Culturing microalgae cause a flow of other inputs and outputs apart from 
developing the product of interest. For the most economical and environmentally friendly 




As photosynthetic organisms, microalgae gasp for carbon dioxide (CO2) as their 
main carbon source. CO2 is a limiting factor in their productivity. Based on the average 
chemical composition of microalgae biomass, approximately 1.8 tonnes of CO2 are needed 
to grow 1 tonne of biomass (Iersel et al., 2009). Iersel et al. (2009) also added that natural 
dissolution of CO2 from the air into the water is not enough. This could be improved by 
bubbling air through the water, but, since air contains about 0.0383 percent of CO2, all of 
the CO2 in about 37 000 m
3
 air is needed for 1 tonne of dry algae. Negoro et al. reported 
that the SO2 and NOx in the flue gas inhibited algal growth, but a few years later they 
reported there was barely any difference with growth on pure CO2 (Negoro et al., 1991). 
Second, sunlight is essential for the growth of microalgae. As microalgae absorb 
light, the concentration getting higher and thus the less deep light enters into the 
microalgae broth. Algae have evolved under conditions where light is often limiting, 
therefore harvest as much of the available light as they can, but under good light 
conditions, this characteristic makes algae waste up to 60 percent of the absorbed 
irradiance as heat (Melis & Happe, 2001). They also states that microalgae have evolved 
under conditions where light is often limiting, therefore harvest as much of the available 
light as they can, but under good light conditions, this characteristic make microalgae 
waste up to 60% of the absorbed irradiance as heat. Photosynthesis cannot occur during 
night or in dark condition. Therefore, microalgae tend to consume stored energy for 
respiration. According to Chisti (2007b), approximately 25% of the biomass produced 
during the day may be used up or lost again at night.  
Besides CO2 and light, algae require nutrients such as nitrogen (N) and phosphorus 
(P) to grow. These nutrients can be obtained from wastewater effluent and sometimes can 
13 
 
be supplied in the form of fertilizer. Another option is nutrient recycling within the 
process.  
The high initial biomass at zero time of cultivation of the incubated alga allows 
alga to achieve vegetative growth under high salinity level even full sea water medium and 
enhancing vegetative growth by supplying growth media through super optimal 
concentrations of urea as N source and phosphoric acid as P source (El-Sayed et al., 2010). 
Research done suggest that BG-11 medium can be used as a culture medium for 
Scenedesmus sp. and the optimum temperature variation in culturing this species is from 
38°C to 45°C with pH of 7.5 while for no much difference in cell number after the same 
culture period, only half media concentration for future cultures and analysis in order to be 
cost effective.  
In experiments done by Mandal and Mallick in 2009, they aim to establish the 
actual potential of the organism for lipid accumulation, with Scenedesmus obiliquus. This 
experiments was carried out under varied pH, temperature, and spectral quality, in 
presence of heavy metals, heat and chilling stresses, N and P deficiencies or limitations, 
addition of various carbon sources, etc. by the end of the experiment, results showed that 
the concentrations of nitrate, phosphate, and sodium thiosulphate are the major factors that 
have an effect on the performance of culture in the terms of lipid yield whilst the duration 
of culture was also found to affect lipid productivity significantly. Despites, they also 
examined S. obiliquus biomass was as a potent source for biodiesel by evaluating the 
interrelationships between the critical parameters that influence the lipid yield with the 
help of response surface methodology (RSM). The oil was characterized and fatty acid 
profile was also analyzed. 
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2.5 Effect of N and P limitations on lipid yield 
 Limitations of nitrate and phosphate come into sight to be suitable stimulants for 
lipid accumulation while tested on Scenedesmus obliquus in experiment carried out by 
Mandal and Mallick (2009). Biomass productivity of S. obliquus was found to be affected 
under N- and P-limitations. 
 
2.6 Heterotophic growth versus autotrophic growth 
Experiments designed on heterotrophic growth of Chlorella protothecoides resulted 
in the accumulation of high lipid content of 55% in cells and was efficiently extracted by 
using n-hexane (Miao & Wu, 2006).  
Biomass and lipid productivities of Chlorella vulgaris under different growth 
conditions produced different level of lipid content. Autotrophic growth provides higher 
cellular lipid content that is 38%, however its lipid productivity was much lower than those 
in heterotrophic growth with acetate, glucose, or glycerol (Liang et al., 2009). But at the 
end of the experiment, Liang et al. (2009) reported that C. vulgaris is mixotrophic because 
effects of C. vulgaris on glycerol had a same dose as those from glucose. However, the 
cost of the organic carbon sources used in experiment is high when compared against all 
other added nutrients, even though the biomass and lipid productivities of C. 
protothecoides from heterotrophic growth are significantly higher compared with those 
from autotrophic growth. The point was strongly supported by Wu et al. in 1994, which 
they claimed that C. protothecoides in heterotrophic growth supplemented with either 
acetate, glucose, or other organic compounds as their carbon source produce higher lipid 
contents and biomass even though C. protothecoides  can grow heterotrophically or 
